Introduction: Partial thickness defects of articular cartilage have a poor capacity for repair and may progress to osteoarthritis and joint dysfunction. A recent study reported that smoothing of the roughened surface of cartilage utilizing bipolar radiofrequency (RF) energy resulted in better long-term histological appearance of the cartilage compared to a conventional mechanical shaving method based on subjective evaluation (1). RF energy is capable of producing a thermal effect in a defined region of tissue and has been used for surgical procedures including tissue ablation and volumetric reduction. Currently, both monopolar and bipolar probes are available for arthroscopic use. Although the previously described study suggested one possible application of RF energy for cartilage, detailed study of the observed effect has not been evaluated and the cellular and matrix response to the thermal effect of RF energy has not been studied. The purpose of this study was to evaluate the effect of monopolar RF energy on partial thickness defects of articular cartilage. Materials and methods: This study was approved by the Institutional Animal Use and Care Committee. Eighteen mature sheep (weight, 66.4±15.4 kg: mean ± SD) were used in the study. Both stifles were prepared for surgery,
Introduction: Partial thickness defects of articular cartilage have a poor capacity for repair and may progress to osteoarthritis and joint dysfunction. A recent study reported that smoothing of the roughened surface of cartilage utilizing bipolar radiofrequency (RF) energy resulted in better long-term histological appearance of the cartilage compared to a conventional mechanical shaving method based on subjective evaluation (1) . RF energy is capable of producing a thermal effect in a defined region of tissue and has been used for surgical procedures including tissue ablation and volumetric reduction. Currently, both monopolar and bipolar probes are available for arthroscopic use. Although the previously described study suggested one possible application of RF energy for cartilage, detailed study of the observed effect has not been evaluated and the cellular and matrix response to the thermal effect of RF energy has not been studied. The purpose of this study was to evaluate the effect of monopolar RF energy on partial thickness defects of articular cartilage. Materials and methods: This study was approved by the Institutional Animal Use and Care Committee. Eighteen mature sheep (weight, 66.4±15.4 kg: mean ± SD) were used in the study. Both stifles were prepared for surgery, femoropatellar joints were approached via an arthroscope, and a partial thickness cartilage defect (width, 0.5 mm; length, 10 mm; depth, 250 µm) was experimentally created by a custom-made instrument in the lateral femoral trochlea of each stifle joint. On one randomly selected stifle, RF energy (settings:55°C/15watts) was applied to the created defect using a RF generator coupled with a monopolar probe and the contralateral stifle was shamoperated to serve as control. Sheep were euthanized immediately after surgery (time 0), or at 2 and 12 weeks after surgery (n=6/group). The trochleas including the defects and associated subchondral bone were processed for general histological analysis (H&E and safranin-O staining), confocal laser microscopy, transmission electron microscopy (TEM), and scanning electron microscopy (SEM). The histological sections were graded in a blinded manner utilizing a modified Mankin score system that evaluates histological damage in articular cartilage: surface (0-3), cells (0-3), matrix staining (safranin-O staining, 0-4), tidemark integrity (0-1) with lower scores indicating better histological appearance. Confocal laser microscopy was used to analyze chondrocyte viability and SEM was used to evaluate the ultrastructure of the defect surface. The Wilcoxon rank sum test was used to compare the subjective histological scores between the control and treated groups. The Kruskal-Wallis test and Duncan procedure were used to analyze the differences in the subjective histological scores among groups. P-values less than 0.05 were considered to be significant. Result: Histological analysis revealed that RF treatment caused detrimental effects to chondrocytes and proteoglycan that progressed over time. The histological scores of control groups were significantly lower than treated groups at 0, 2, and 12 weeks after surgery (p<0.05) (Fig. 1) . TEM suggested thermal denaturation of collagen in the surface area after RF treatment. Confocal laser microscopy demonstrated that RF treatment caused death of some chondrocytes at time 0 and of all chondrocytes by 2 and 12 weeks after RF treatment while the cartilage matrix was still maintained (Fig. 2) . SEM showed that the defect surface of articular cartilage was rough and irregular in the control, whereas the RF treated defect surface appeared to be melted at time 0 and remained smooth up to 12 weeks (Fig. 3) . Discussion: This study revealed that RF energy caused significant alterations in chondrocyte viability and cartilaginous matrix. When RF was used to ablate the diseased cartilage and to smooth the defect surface, it caused immediate chondrocyte death. Although some chondrocytes were viable after RF treatment at time 0, almost all of the chondrocytes in the treated area were dead by 2 weeks after surgery while the cartilage matrix was maintained at up to 12 weeks after RF treatment. Cartilage regeneration in the experimentally created partial thickness defects was not observed in either control or RF treated regions. We hypothesize that RF treatment can smooth the surface of cartilage defect, but also will kill chondrocytes and denature collagen.
Although cartilage matrix was still maintained in situ at 3 months after RF treatment, we suspect that the cartilage will ultimately degrade because of its acellular structure. The results of this study indicate that monopolar RF energy causes long term damage to cartilage in this sheep model and does not appear to have the beneficial effects reported in a previous study (1) . 
